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ABSTRACT . " - ' 

. . In orfler to .get a coBprehensi,ve 'VieV of the pcod^eos 

and present aevelopaent of the" transferability to other locations of 
coBpater- based learning materials, it ii necessary to eKanine - 
shoct-ranqe versua long-range viewpoints and the distinctioiis batween 
cOBpater-r.elatea aspects and those aipect-s assotiiatea with iattov4tj.ve 
leacttinq and teaching techniques, using as examples pt^sent c^iapu-tet 
systems. Hith regard to 'short-range donputer aspect^r, it is , : > ■ 
det^rni-nea that the nor e systeDii' the coiputer- based materials can rUn 
on. the. less intetesting pedagogically the nateiials are, Hajpc 
ptobleBS reqfarditig short-range innovative teaching ^aspects ace 
political ana sociological or in/olve instructors 1^4arning wlietiier 
"availabie materials are suitable for their ccurse and reli-able. . £ua 
to the'chanqinq computer technology, when we consider the- loacf- range 
point of view, n-o computer asp4cts of transferability are ioipartant, 
HoHever, the long-range view df innovative learning, aspect s po&es • 
problems with the marketing of ■ futuce naterials,' the aeVelopia&nt ot 
materials based oti the ex/istence of the coniputet, and new nodes 
of eaucation- (CWM) 
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An important issue for dovelopers of ctbmputer^ba^d learning 
materials is the brie of transferability to other locations beyond 



rnaterial was developed* 
tnlormally and In the 
ears to be based on very 
the full range of prob- 
present paper takes a 



the campus or location at wl^lch the initial 
Much discussion g^oes\on about this problefn, 
literature, but much of this dlecussicrn app 
simplistic solutions, ^hlch do not examine 
lems associated with traiisf erability , The 

broad viewpoint with regard to such transferability, delineating 
^ some of the factors^ which ar^ often ov^Qrlopked because only a piece 
of the total problem da being considered 
Two Dichotomies 

This discussion of , transferability .if based on the two sepa^rate 
dichotomies, important in getting^ a con^ijfehenslve v^lew of the prob- 
' lams and prospects for transferability computer-'based learning 
materials . 

The first distinction I wish to strress is that of a short-range 
versus a long-range' point of view* TKat is, are we considering 
immediately transferring materials wifthin, say , the current academic 
year or are we discussing a more lorfg-^range presp^ct , the eventual 
widespread use of the materials developed in a particular location, ^ 
over a period of many years? Although I am treating this distinction 
between irmnedlate and future tr^sfer as a dichotomy , it clearly. 
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as with all Buch artificial dichotoinioa, Is 



a cc^ti 



t inuum . ' It will ' 



be convenient nevortholeas ta tnuke this sGparattat^ 

A secona dmportant" dist'incti'on to bo mado concerning transfer^ 
abil'ity is that bcHween thG^ootnputer-relatod iiapfacts and those ^ 
aspects assoQiattjcl with innovative learning and teaching techniques^ ' 
The fitst aspect la' concerned with the technical pi-oblonifl getting 
tho matGrlals running on #ystetns Y, and Q alter Imving bcjen ' ' 
d&volopod,on system X. .The second aspect conGerns the problems 1 , 
facing.any development of nev^' Learning and teaching niaterlais when 
those materials are spread beyond the institutions in which they ; , 

are Initially developed. Solvt'ng the, first problem by no means, 
furnishes a solution to the seoo.rid problem. Thus, it -la 'quit© pos- • 
sibHe that the material^ may be made to run suiccesslully on a p4rr ■ 
ticular qomputer system, but that no faculty members at that ■ institution 
will make any use of the imterial, j ^ 

• These two dimensions are independent . V WlJ »paa ^erl|aps bfst 
Illustrate the situation by .plot ting them alonjg 
loriows : ' . • 



sepa'i'a|e €^0s as 

V 



I 



Computer aspects 



B 


D 


A 





As the diagram indicates, e-ven with this rathef simple-minded 
pair of dichqtomies we have four.' separate "sets of problems to 
discuss; Problem A Invblves short-range computer aspects, Problem B 
involves' short-range innovative teaching aspects, Probllem C involves 



long-rango compiitcir aspects, and. Problem D Involves long-rariBO ^ 
jtfinovatlve teaching aspGcts.- . Tiictlcs which may bo goodu f 6r dnes^ 
these, categorlca may not be good for another! A full disQM.^slon 

'must tako Into account all of those possibilities* ' ' , 

Intond to ponsider oach of these co/togories separat o ly , \ 

' toth in terms ol oiir prp.sc^n't state of developmerit and in tormB of 
the difiicultlea and prdblems agapclated-with -them..- -I -S 
point out in certain caftes limitations brought ' about by focusing too 
heavily on one or the other aspect of transferability. ^ \ 
Sbprt -Tange Con i pUt er- Aspoct s ^ , ^ ' 

^ Most of the c^rpent worlc concorningytransf erabl llty 1 alls . 1 
this category. Probably the best o^amprd of a cari^ful treatment 
of the ;problenis In this area is seen in the activities of CONDUIT; 
tnany ot)hers cases cari be mentioned/ " - 

yj ' ' ^ " \ /■ ^ / ' ^ ; - 

; Oiie ''standard" solution to the prohlern of » ahort--rang;e eomputer 
aspects is to Write in a. standardised form of the mpst commonly " ^ 
available languapps/ . This, for example , is the taetic^aken by 
= the Computers in the^^JUndergraduate SGierrce Curriculum in England* 
AnbtHer possibility ik^p prepare the material in several commonls? 
available languages. John Merrill *a Book, Computers in ^ Physios , 
uses both FORTEAN' and BASIC, and Introductory' Computer- Based 
Mechani cs II, available through CONDUIT, presents ^ach program' in 
FORTRAN, , BASIC, and APL. , ' , , / 

Two difficulties present themseives with regard to this standa,rd 

v\ ■ ' .\ , ^ ■, \ ■ ..... 

language approach, First, very few languages have feffectlve staiidardsv 
Perhaps the most standardized language is FORTftAN. Here, in addl-- ^ 
tloa to the ANCII standard, a more restricted standard is available 
|A,s dellned by a program checking program developed at Bell Laboartories j 



the ."PFOIIT sjtundard.. It ! is this standard which is employed by 

CONDUIT for FORTnAN. . lira iWrRAN program sat la flea PPORT and 

. ■ , ■ i' - ' ■ . ^ ■ - 

dbos not run' on u partidular "FOllTRAN, that FOnTRAN is likoly to , be 

rather popirliar, ^ j . r 

' Thcv'standardization problems with BASXC are ' considerably more 
confused. Existing BASICS, evGn from a single vendor, differ^ 
greatly* Such terms' as "slfandard BASIC," or, more commonly/ 
**Dartmau th BASIC , alt hough ox^remoly widely used, turn out to 
have^ almost no meaninB at' all , Almost every BASIC refers to Itself 
as "Dartmouth BASIC, yet as the partmouth developers point out, - . 
^almost no other BASIC is compatible with current Dartmouth BASIC. 
For some years a committee^ haS been at work on'a standard for BASIC, 

- ' ^ 1 ; . ' ^ ^ 

but this coninilttee has agreed only on an eKtremely minimal standard, 
iiot coverlug many pf . the features of BASIC In comrnon use iudh' as 
strflrig handling and files. COHpUIT has also, cominlssioned studies 
in this area, jand a group on England has also developed such a 
ininimal standard*. ^ 

APL initially oKhibitecl a much higher degree of standardisation, 
Pol* a while thei'e was ^nly one APL, the IBM. program product. Almost 
all the later APLs haX© Included this^substantial portion as a ^ 



subset, so this Initial form^ has served as a de facto standard. 
But beyond this, level, APLs have begun 'to diverge' considerably . 
Even dn IBM equipment^ several varian.t^ are 4n common use, including 
a prii/ately developed version, APL PLUS. APL systems from other 
venplors depart in significant ways^ from ^these IBM implementations , 
particularly with regard to file systems, . 

These language factors become even less satisfactory with 
regard to ease of transferability when' w© consider graphic capablllte 
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AlthouKh' oiio torminul is ipost commonly u4od (ToKtrohix) other 

'• ' . " ' ' ' ■ . ■ - ' ' . ' I 

terminals are in use, and eatjh demand different grjiphic code. 

Several Incompatible graphlo additions to APL have been designed; 

a committeo is investigating the possitailltjr ol grariri'lp additionf^ 

- ' ' . / > ■ i 

.to BASIC, not yet implemented in mo'at systems. Beca'pse I consider 

' graphic capabilities to be extreniGly importan^t in cortiputer-based 
* leai-ning naterials, almost essential in most areas, Braphlc trans- 
'"portability problems are serious. ^ 

Another aHpect cornes in whon considering standard languages, 
the inefftcienay of the code. Thus, if we write APL graphic code • 
so it works on everybody ApL, as does Tektronix, this can 'be 
achieved but only at the expense of some inefficiency. This is 
often a nontrivial difference . ^ ^ile this lnefliciency>ay not be 
an lmportant^factor^|f the materials are only run with a few students 
with usage In large classes it can be disastrous. 

Tor thb inddyidual who is concerned wlth^ what ^ will run on many 
% other current , systems, in relatively brief periods of time, these 
issues of languages^re Gertainly impojrtant , / As the programs 
become more and more ^ i^^sponslve to student needs, and so more com- 
plex, and as they resort to more and niore exotic languages , /:he 
work associated with moving them to another system becomes greater. 
It^is significant that the'^progrmnis that CONDUIT distributes thus 
far are the simpler materials, that have been developed. 

But' a cjompletely differeW side to the question of the use of 
standard languages as a technique for achieving compatability must . 
^ be considered^ An individual project that decides in favor of a 
particular startdard language for all of its materials automatically 
cuts off sorae) often many, of the pedagogj-cal options that are 
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available to It. . 

•Ttius, someone wrlttng ln a BASIC that will' be supportable^ on . 
a gfeat mariy" tillf erent machines will avoid the use o£ many string" • 
inputs and so vlll not' wrltfe materials that involve extensive , 
input of this Kind, eveti though pedagogically deslrab^ In a , 
situation being, converted. Furthermore,' a BASIC, usfey seeking wide 
transferabiilty for learning materials will avoid >h«© use of files 

--er ovei^i^ys,--^^ are likely to clitfer from 

system to systm; thus, the prigrams^will be relativi^ly short* not 

(the longer programs that exemplify some of the fnost interesting 
material available ^today^ . -V\' y-\\ \ 

' I have, in my own personp.1 eKperience, visited a number of^ 
projocts of this type where^ if one, raisers the question of **Why ^ 
don't you do so and so?" the answer is typically an answer that 
depends on features ol the language rather, than on pedagogical 
chotce. In these cases the desire for transportability is an 
lmpbrtg.nt limiting factor in the quality of the materials . 

I want to summarise my views on this issue with a statistical 

/statement, a 'statement* that does not necessarily^ apply to indiv- 
idual programs, but is, I believe^ applicable in a general sense. 
Again it should be considered that 1 am looking at the short-raiige 
point of view, and the computer aepects only. Here is the statement 
which I will call Bork*s First Rule: i ; 



THE MORE SYSTEMS THE COMPUTEH^BASED MATERIALS CAN ^UN ON, 
THE LESS INTERESTING PEDAGOaiCALLY THE MATfiRIALS ARE. 



Short-ranKe Innovative Toachlnft A'apccM ' ' ' ^ , 

' Just because matorlals can "run" at a given school is no 
guarantee that students will see them in olaase^ or ha^ve arty access 
to them at all. Faculty who know that %\wm materials are available 
may choose not to employ them; many teaahOTS who might use them may 
not^even know of their ' existQiiCG . The pjfoblems are sinillar to 
the cllfficulties that we find generally whM we move a new -teaching 
idea -from its original developer Ire a ' conipl^tely unrelated eiiviron- 
menTr'S^nie addi^^^ appear , be&ause the coniputer ,¥e«^^ . 

sources available may be limited; furthei", aocounting proceduyes 
or shortages of .facilities may make it difficult for students to^ 
accessythe necessary computer resourcea. Imy few schools ha^e ' , 
currentljr the resources for widespread utlllaatlon of the computfsr 

in learning, - ^ 

One major problenni In t^ls area la that of Instruatore learning 
Aether ayailable materialte are suitdbl© for their courae, or 
whether they are reliable. The CONDUIT ^fevlew system recently 
initiated gives one mechanism for solving the problem of reliability 
Materials under considei^ion , after a pjf ©I imlnary screening, are 
sent out to several reviewers, so only cn^t^rlals that are tec 
nicaliy sound and pedag^ically useful will be recommended CONDUIT 
advertises their availabilaty and serve® as a source. Instructors 
will still want to look at the materials to see . how well they fit 
into their course structure. If printed materials contain only a 
few programs, no particular problems mtB preaented. , 

If the materials are interactive coniputer dialogs, meaning' 
conversations with the computer, the dl.fficurties can be greater. 
Because such materials are not easy to transport in the technical 



■(corr>pat!«r) sonse, CONDUIT dooss not as yet. review thorn, ■ although 
it ls^'<^OnsidGrinB the problem* ; Furthor, .while the instructor can 
easily browse 'through a,jlbook «tfkor considoration as a text, it is 
much more difficult to do this with a long and involved computer 
program, offering many diffe-^^«nt tracks for students., The design 
of mom programs is more conducive to brpwsing tljian others, par- 
tldularly- if some aspects ot learner 'control are present; but In 

general the Instructdr has idilt'tculty examining dialog materials.. 

' . ■ ' ' ' ■ ■ . ■ '. 

. Many of the problemB 1« th-ls are.a of shor-t-range innovative 

teaching^ aspects are ptlxtica]." and sociological, needing' very 

dlffei^^nt mechanisms tb salV0 them- than the xproblems associated 

i , . -■- 

wltti th^ computer aspects Juat dtscussed. ^ Often learnin^materials 
ar© put ojn a particular' systetn by the computer facility itself, 
under the assumption that- faculty and students , will then flock to 
use th'^m. But they may not even know of the existence of the 
matwlaU If the faculty ^rrnemfoers In a particular academic area 
were mt involved in advatioe inrthe decision to place the materials 
on the aqmiputer; \the chaao'Qa of widespread use are markedly lower. 
Our 0Kporience with sendli:ng our materials to other^ institutions 
withi sltwilar equipment, wbeyta the computer aspects of transfer-- 
ability are much TaduGed, ahowsthat It is almost essential, if 
we are^ to see any use, to involve teachers dn the decision to make 
the dialogs available. ^ 

ptta Interesting approach to ease the types of problems just 
disoua^e^d is seen in the C^LCIIEM project in Britain, a chemistry 
projeot based primarily at L##ds University. Althou^ mo^t of the" 
dialogs are written irf two or ^hree locations, about a dozen faculty 
frpw Otb,#r Institutions are^^involved in the committee running the 

' " ' ■ li)' ' ' 



project as a whole. Henco, chemists from mtmy schools feel they 
have Bome st'al^o In the output This- tactic should ease the trans- 
ferability %0 these new sites. • ■> ' ' .. 

Much wort needs to, be clone here, much ol it not particularly 
unique to the oompii^ir' sftuation . need tq study in more detail ' 

the factorB which Inhibit the transfer of successful innovative 
■learning Ideas of all types, including those associated with computer 
LP n s - r a n Oo m p p tor A s rg c t s ' . ' ^ 

yim<Cw& cHange the focus froin short-range, to long-rfinge aspects, 
the problems and prospects become entirely different.' Past dis- ■ 
cussions have often ignored these long-range aspects... But from 
the standpoini of , eventual use of cornputers in many different 
learning situations^ they are by far the most Important. So the 
developer of such products should be very concerned^ith these 

long-range aBpects.. .1 

Here we need to look at- some hardware/software futures for 
computers, because that affects what Is possible. Undoubtedly 
the most* important feature of modern computed technolpty is the 
very rapid current development'; computers are becoming more powerful 
and less expensive.. An important aspect is the rise of LSI and 
related technologies, including new memory techniques. These 
developmenea^BUggest very different computer systems for the future 
.than current ones. All ^ our existing learning materials^ we ^ 
can. safely say/ are ,runnd^ on already obsolete machines. From 
this point oC view the "q^stion of transferring materials immediately 
tq machine I hecomes then less important, particularly for tHe . 
developer of compufer-based learning materials who looks to' the . 
future. ' 



At leAst two cliff orunt hardware futures for computer^ are 

being projected at tho moment^ One Involves larger and larger 

networks so that moro and more terminals are accessing th© same ■ 

CPU or a group of CiPUs. Donald .Bitzer , Dlrectof of the PWTO project, 

has been suggesting recontly the construction of a ml 11 ion terminal 

netowrkj wltti 200 interconnected CPUs and communication supported by 

sateWltes. The present ARPA net, and some- of its commerelal off- 

BhOQts, furnish another example of . such possible networking. 

A second future possibility gives an entirely different view 

.1 

0,f the computer universe, one that is dominated by the evolving 
microprocessdr (and its later descendents ) bui Jt into all devices. 
Today's t#rminal would be tornorrow's '.computer. Such stand-alone 
systems could function by thems'elves, with full computing oapabilitles 
without connection to a large .central computer, although they might 

t 

occasionally connect to another computer for such specialised 
purposes as massive calculations or accessing a rapidly changing 
centralized database. As the^e systems would function primarily 
stand'-alone , they would not be Limited to current cpmmunieatlofi 
jSpeeds and could do things such a^ full animation which are 
ImpQS^^^^ communication-limited environment • Other aspects 

of mbdern technology, such as the home videodisc system, cwlght 
hpcorrie important components of such systems . , ^ ^ 

We do need to worry about effective delivery systems that 
allow us to carry out all the functions that a modern teaehlng 
system will need. Such a system should have full multimedia oap- 
ability, color, high speed graphics, and at least audio output 
oapability . - ^ ' 



No matter which 'future we look at, one fact is clear; luture 

syst'ems will cost. much less than current systems cost. Projections 
idicate that, because of our increasing capabilities with computer 
[echnology, computer costs will continue to decline over a long 
|eriod of time. Hence, we can expect the computer systems af the 
ure, for education and otherwise, to be cheaper and cheaper. 
This leads me then to Bork's Second Rule: 

mm m coNSfDER the long-range point of view, no computer 

ASPECTS OF fRANSFERABILITY ARE IMPORTANT. 

That is the- technology itself, with its ever-increasing effective- 

riess, will obviate the problems of tFiinsferabili ty . If the massive 

networking system »happena , then ol' course the programs will be . 

\. ' • 

a ailable on any one uf tlie mi 1 lloiv, terminals . II stand-alone 

- ■ fW-- 

systems becomt; extremely widespread and doml najrl"'; much", more so 
thari current cumputeiH^ the materials can be wri'tten for such 
widely available ^.^^luiu.-. iMiT th^rmure , the puBa i b i 1 1 1 1 ul miv^r^ 
frogrammabl lity uiui i u., i s ^ c;pUb mtjan that even code written 

for differeiit machine^ u..^ ai.ie tu ruft^on u variety of nmuhia<.^ 

A nlngle machine ..^uid lu.^o riU^ [hatcfiifng the i l l tut lun ' ^ ^etb 
of different computers ur c./uld emulate in inicfpcode a wiJe varieiy 
of machines, ^ 

As materials are iu.^....vod, auJ thu^ greale. nalluua^ deiiuii^d, 

stronger emphaBlH wiii be dii^v. led tuwaras making tnem more avail 
able. Hence, marketiii^ wi uuniputer based inuterials will also aid 
in solving problems of iuug lange transportability. 
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So the massive problems of transferability which appear / 
with regard to the technical aspects when we^ examine the ahort- 
range all vanish in the long-rarfge. From a long-raiige point of 
view we do 'not need to put large elforts In this direction exdept 
to insure the' type of hardware that will make the transf erabiUty 

possible, , • ^ 

A cordllary, based on the first "rule," is that many things 
prepared with short-range computer transferability in mind will seeiT, 
too restricted to survive far' into the future. Only the best current 
matertals, using as wide, a rangs? of capabilities as possible, are 
likely to be' a'grfible in th.e distant future.. 

To my mi-nd this category presents some of' the most interesting 
problerns. Unlike some of the other categories, it is not entirely 
Independent of what has gonevbefore. Some of the techniques in- 
volved in dealing with short-riiiige teaching aspects also will be 
'useful in dealing with the rriore long-^ange ones, particularly those 
which involve the polltiual ana suciologiual protnems of widespreacj 
computer use. 

The question n.-w Dii«ae future irwLuiiuit. should be iii»rKeied 
la ver^ imporLunt. As already iadlwuted, mu^t (-urrent maLerials 
arti pruJuw^-cl in a '\.ottix^., indii^try" tL.rniat ij««d Lu develuy 

much mure careful ^.au,. l i u». «ud mmKciLliig idCiliDles, including 
the provision of loyulLias aji lucenLiva tu ttuLhoras. It will bw 
expected thiit aoTnuiier i a i d i l xlua t ioii ladLhuda will be vital. Just 
as they are tu^r bouks anU uLhtr learn Ing maLerials. 

"Any corisideration ui Lhia aspect needs to worry also about the 
development of no%v types of course, ones made E£SSiMS the 
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exlstonce of the computer. It also needs to consider now modes 
.of education, vyhere the formal school is roplaced by other mech-_ 
anisms such as the Open University in Britain or through extensions 
in the public libraries or homes. 

From the long-rangfj point ot view we can expect the computer 
will not be a passive teaching device, but will contribute to a 
\^ital restructuring of our educatiorial system. ^ 
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